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Research Proposal 
 
As climate change becomes more prevalent around the world, I have chosen to focus on 
climate change and the water supply in Israel. Along with the distribution of water in that area, I 
will also be researching the political issues that are connected to this finite resource in the Gaza 
Strip and the West Bank. The water supply has always been a scarce resource in the Middle East 
and I want to research how society and technology have the opportunity to ensure a sustainable 
future. 
 Located within a Mediterranean climate, the region centered on Israel receives rainfall 
during the winter season and is dry during the summer. I will research data to see if there are 
trends regarding the change in the size of aquifers, ground utilization, precipitation records, and 
seasonal climates in response to global climate change. I will also investigate case study of the 
current climate and water crisis in Israel to understand how much water is available and how 
climate and politics affects public access to water resources.  
 I will research the distribution of the water supply; find out where and how water is being 
used and the affect that the water supply has on the demography of the Middle East. Once I find 
evidence of climatic impacts I will offer suggestions and implications regarding endeavors to 
provide a sustainable future. In Essence my goal is to see if there has been an impact of climate 
change and how the people of Israel will adapt to a shortage in the water supply. 
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Annotated Bibliography 
Arnell, N. W. (2004). Climate Change and Global Water Resources: SRES Emissions and Socio-
Economic Scenarios. Global Environmental Change, 14.1, 31-52. 
The information in this article compares climate change with population growth in the future on 
a global and regional level. Comparing the two categories includes the issue of stress on water 
resources. In this study Arnell used six climate models for the SRES and macro-scale 
hydrological models to see what the current and future resource availability will be for 1,300 
watersheds. Future populations in the Middle Eastern region without the effect of climate change 
may increase by 2.9 to 3.3 billion people by 2025 increasing the amount of stress on watersheds. 
The studies in this article also show that with climate change there will be an increase in water 
resource stresses followed by a decrease in runoff. By 2020 between 374-1661 million people 
will experience an increase in water stress. By following changes in climate through changes in 
runoff studies show that an increasing number of people will be at risk. This study was 
conducted in six stages that looked at a set of emission and socio-economic scenarios: 
1. Scenarios with six climate models to run SRES 
2. Gridded baseline climatology 
3. Macro-scale hydrological model 
4. Sum simulated runoff 
5. Watershed population with population growth 
6. Constructing indicators 
Based on the simulations and observations they concluded, there will be a possible increase or 
decrease in the water supply by 15-20% depending on the region. This article will be useful in 
my paper when I describe how climate change is affecting the public and what indicators are 
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being used to measure the amount of environmental change and how that will affect the public’s 
daily lives. 
Bou-Zeid, E., & El-Fadel, M. (2002). Climate Change and Water Resources in Lebanon and the 
Middle East. Journal of Water Resources Planning and Management, 128.5, 343-355. 
In this paper the case study is set in Lebanon to investigate vulnerabilities of natural systems to 
changing climate patterns. Bou-Zeid and El-Fadel performed their case study in the same region 
that I am doing my research on and what they have found from their studies is that water 
resources will be affected by climate change. They used circulation models to find evidence of 
climate change for the Middle Eastern countries that surround Lebanon. Water budget and soil 
moisture are used as indicators of temperature and precipitation changes. Their research also 
predicted that there would be an increase in CO2 concentrations of 1% per year. The water 
resources in the Middle East are interconnected and the geography and political boundaries 
create some limitations for studies in this area. Desalinization techniques are weak and the study 
shows that by 2025 the average annual renewable water resources in the Middle Eastern region 
will decrease to 667m³ per capita. Given the uneven distribution of the water supply and the 
difference in demographics and economic development in the Middle East, climate change will 
continue to increase the water shortage. This journal will be very helpful in my studies in that it 
resembles the type of research I will be conducting for my own project. I have used their 
research paper as a guide for writing my own. 
Bull, W. B. (1991). Geomorphic Responses to Climatic Change. New York: Oxford UP. 27-41. 
In this book by William Bull he investigates climate change and the effect climate change has on 
fluvial processes. The work focuses on the transition from the Pleistocene to the Holocene to 
investigate climate changes during glacial and interglacial periods. The changes during glacial 
periods represent how climate has fluctuated for thousands of years and how that has an effect on 
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the fluvial processes that in turn shapes our natural landscape. This book focuses more on 
geomorphic processes which is a subject I didn’t think would be that important for climate 
change in the Middle East but understanding its importance I may research into this area and 
expand my outline.  
Evans, J. P. (2009). 21st Century Climate Change in the Middle East. Climatic Change, 92.3-4, 
417-432. 
This article investigates the future forecasts involving climate and precipitation in the Middle 
East. The study examined 18 Global Climate Models (GCM) used by the Intergovernmental 
Panel on Climate Change for the fourth assessment report (IPCCAR4). The study used the 
“Business as Usual” scenario in the Special Report on Emission Scenarios A2 (SRESA2) 
emphasizing the forecast based on the largest change in climate by the end of the century. 
GCM’s confronted a challenge in this region due to the mountainous topography, inland seas, 
and cooling trends. The models predicted change for the years 2005, 2050, and 2095. The study 
reveals that the largest increase in temperatures will occur on land furthest from water, which is 
true because continentality demonstrates that the further a place is from a body of water, the 
more extreme the temperatures will be. The predictions reveal that the northern countries of the 
Middle East will experience an increase in temperatures by the first half of the 21st century. 
Climate models also revealed that there would be a decrease of over 8mm per year in 
precipitation for the southern countries due to the Northward movement of the Inter-Tropical 
Convergence Zone. The report concluded that due to an increasing temperature and a decrease in 
precipitation, there will be a shortage of water for the agriculture in that region. Evan’s research 
has been helpful for my paper by providing evidence that the Middle East will experience longer 
dry seasons and in certain locations a fluctuation of precipitation.  
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Hansen, J. (2005). Efficacy of Climate Forcings. Journal of Geophysical Research, 110 
(D18104), 11-15. 
In this article, global climate models are compared to the effectiveness of climate forcing agents 
contributing to climate change. These researchers use “efficacy” which is the global temperature 
response per unit forcing response to CO2 forcing. They found that anthropogenic methane 
(CH4) has an efficacy of about 110-145% and has an effect on stratospheric water and 
tropospheric ozone. The largest anthropogenic forcing, second only to CO2 is CH4, found 
contributions to greenhouse gas from black carbon (BC) and fossil fuel BC. Their study shows 
that an increase in the amount of greenhouse gases in the atmosphere correlates with increased 
rainfall for the eastern United States and East Asia. There is also evidence that there will be more 
intense drying conditions in the subtropics in the Middle East. The conclusion stated that 
anthropogenic tropospheric ozone and BC snow albedo would contribute to increased warming 
will accelerate sea ice loss in the Arctic regions. The result of increased greenhouse gas from 
human activities caused dry areas to become even more arid. In my research when I state the 
factors to the increasing temperatures, I will be able to include this research of how human 
activities are impacting global climate with emphasis on the Middle East. This information 
supports that anthropogenic processes are causing a positive feedback effect on climate change. 
Kunstmann, H., Suppan, P., Heckl, A., & Rimmer, A. (2007). Regional Climate Change in the 
Middle East and Impact on Hydrology in the Upper Jordan Catchment. Proceedings of 
the Symposium Quantification and Reduction of Predictive Uncertainty for Sustainable 
Water Resources Managment (pp. 141-149). Perugia, Italy: IAHS. 
 This chapter focuses on the impacts climate change has on water availability in the Middle East 
and the Upper Jordan catchment. The study of the Jordan catchment began by dividing the 
catchment into two different time periods of 1961-1990 and 2070-2099 then downsized the two 
catchment areas using the ECHAM4 and hydrological modeling. The two time periods represent 
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global climate scenario B2 and meteorological model 5 with two steps of resolution. Indicators 
showed that the water balance and surface and subsurface water flow in the Upper Jordan 
Catchment would decrease with increasing temperatures. The indicators also showed that the 
mean annual temperature will increase by 4.5 degrees Celsius with a decrease of 25% in mean 
annual precipitation, resulting in a decrease of 23% in runoff in the Jordan catchment. With 
expected decreases in groundwater supply Israel will see a dramatic change in precipitation 
patterns. This chapter is relevant to my research by representing how another study was also able 
to predict the changes that will occur to the water supply in Israel due to a change in climate. 
This will support my research when I write about the factors affecting the water supply.  
Nelson, G. C. (2009). Climate Change: Impact on Agriculture and Costs of Adaption. 
Washington, D.C.: International Food Polcy Research Institute. Pp 1-6. 
In this report the author focuses on climate change and the scenarios that agriculture will face 
including food security, malnutrition, cost of production, and more. Nelson also suggests 
changes in policy and programs to relieve some of the environmental stresses that will come with 
a changing climate. The two indicators used for the climate change assessment in this study are 
per capita calorie consumption and child malnutrition numbers. The research conducted by 
Nelson provides more evidence of climate change and the affect temperature differences have on 
the production of crops and the health of the public. 
Ragab, R., & Prudhomme, C. (2002). SW-Soil and Water Climate Change and Water Resources 
Management in Arid and Semi-arid Regions: Prospective and Challenges for the 21st 
Century. Biosystems Engineering, 81(1), pp. 3-34. 
This article concludes that with a growing population and increased number of droughts there 
needs to be major changes in water planning and management to avoid conflict in the Middle 
East. The United Kingdom Hadley Center’s global climate model was designed to record 
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greenhouse gas emissions to predict conditions for the 2050’s. This study shows that for the dry 
season from April to September in the 2050’s for countries in the Middle East including Israel, 
Saudi Arabia, Jordan, and Iran can expect a decrease in rainfall by 20-25% below the present 
mean. Temperatures are also expected to increase in the same locations by 2 to 2.75 degrees 
Celsius. The winter season in the same locations are expected to experience a decrease of 10-
15% in rainfall but an increase of 25% in the Sahara. This article also focused on the temperature 
and precipitation increases and decreases for the Thar Desert, Aral Sea Basin, and Australia. The 
main point of this article is that we need to rethink how we use water and how to make our water 
supply more sustainable. The author suggests two procedures that must be adopted; carefully 
assess current needs and to increase the efficiency of how water is allocated among different 
uses. Non-conventional sources of water include; recycled water, seawater, and desalinated 
brackish water to help sustain life ways in the Middle East. There will be no technical solution to 
a shortage in water and finding an alternative source and enhancing conservatory efficiency will 
be the most important steps in the future. Including a subsection of how Israel and the 
neighboring countries plan on becoming more sustainable with their water supply in my research 
will strengthen my paper with how environmental issues may be tackled. 
Von Rad, U., Schaaf, M., Michels, K. H., Schulz, H., Berger, W. H., & Sirocko, F. (1999). A 
5000-yr Record of Climate Change in Varved Sediments from the Oxygen Minimum 
Zone off Pakistan, Northeastern Arabian Sea. Quaternary Research, 51(1), pp. 39-53. 
This article investigated sediment layers from a kasten core near Pakistan to study the change in 
climate and precipitation. The kasten core was taken from a water depth of 700m that contains 
several layers of laminate sediments that served as a record of climate change for the last 5000 
years. The difference in dark and light laminae as well as the thickness was determined by runoff 
and precipitation changes during that time. The study indicated that the watershed received less 
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precipitation than previous years and the lack of rainfall contributed to the thin lake sediment 
that was followed by a more arid climate in the Middle East. Their study showed that another 
form of proxy data is kasten cores, these cores have collected sediment for thousands of years 
and represent a fluctuation in climate and variability in rainfall. Listing the different proxy data 
measurements in my paper that were included in different studies that were conducted in the 
Middle East will make my paper more credible when all of the evidence leads to the same 
conclusion that climate is the Middle East is changing. 
Zhang, X. (2005). Trends in Middle East Climate Extreme Indices from 1950 to 2003. Journal of 
Geophysical Research, 110, pp. 1-12. 
This research discovered increasing trends of temperature for 15 countries in the Middle East, 
including Israel. The trends that were investigated occurred between 1950 and 2003 with 52 
stations measuring temperature and precipitation. Trends such as the annual maximum, daily 
maximum, and minimum temperatures were found with significant differences as well as a 
correlation to the number of summer nights with extreme temperatures. These trends are more 
evidence that there is a direct correlation between temperature increases and precipitation in the 
Middle East. This journal entry will be beneficial to my research in that it shows where changes 
have occurred and what regions are being affected. 
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Outline: 
I. Introduction: Climate change in Israel due to natural and anthropogenic processes, and how 
climate change impacts water resources.  
 A. General explanation of global climate change 
 B. The context of water, Israel, and surrounding regions 
  1. Israel’s current population and reliance on the water supply 
  2. Where Israel receives their water  
II. Global Climate Change: 
A. Factors 
B. Cause 
C. Evidence 
III. Case Study: Current situation in Israel and occupied territories, and Jordan: 
 A. Geo-Politics 
  1. Israeli-Palestinian conflict 
  2. Agreement with Jordan: Freshwater, Water Wells, Ground-water, Aquifers 
  3. Water laws 
 B. Current climate 
 C. Land use practices 
  1. Domestic 
  2. Agriculture 
  3. Industry 
 D. Current water projects 
  1. Irrigation 
  2. Desalinization 
  3. Recycling waste-water 
IV. Future climate and water supply 
 A. Studies and Predictions 
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 B. Expected impacts on water resources 
 C. Diminishing water resources and its implications 
  1. Domestic 
  2. Agriculture 
  3. Industry 
  4. Political 
V. Potential mitigation measures 
 A. Morality 
  1. Education and awareness 
  2. Sustainable practices 
 B. Water Projects 
  1. Expansion of current projects 
VI. Conclusion 
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I. Introduction: Israel’s Water Crisis 
 Israel’s water crisis is controlled by the availability and location of water resources that 
are affected by climate change and geopolitics in southwest Asia. Global climate change has 
recently become a universally accepted crisis. The public is becoming more aware of the 
environmental impacts climate change has on natural resources. The temperature of the 
atmosphere is governed by solar radiation that has been fluctuating since the Earth was formed. 
Proxy data analysis and environmental evidence indicate that the slightest change in temperature 
has significant environmental impacts. Naturally occurring processes and human activities alter 
the atmospheric composition and increase the rate at which global climate shifts. Some regions 
will experience colder and wetter winter seasons and other regions will be exposed to increasing 
temperatures and less precipitation. Israel and its neighboring countries are among the regions 
that may experience a decrease in the amount of rainfall resulting in more frequent and severe 
droughts. Israel’s once fertile land and people are suffering even today as the freshwater supply 
becomes even scarcer. Sustaining freshwater resources has become Israel’s top priority, and as 
climate changes, land use practices must change to provide freshwater for Israel’s future.  
 The current high demand for water resources in Israel has stressed the natural water 
supply beyond a long-term capacity. Israel’s dense population of 7.8 million is estimated to reach 
15 million by 2050, which will increase the demand for water (See Figure 1). The country relies 
on the Mediterranean climate that provides rain during the winter and a dry climate in the 
summer (Israel Ministry of the Environment, 2012). The depleting groundwater levels are 
expected to decline further due to climate change (Israel Ministry of the Environment, 2012). 
The main source of water in Israel is Lake Kinneret also recognized as the Sea of Galilee. The 
latest report released by the Intergovernmental Panel on Climate Change (IPCC) found that 
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increasing temperatures in the Middle East decrease precipitation, threatening to diminish the 
water supply from the Jordan River to Lake Kinneret (Evans, 2009). Implementing changes 
towards conservation and more efficient allocation of water is essential to avoid irreversible 
damage to this nonrenewable resource that the state of Israel relies on.  
Figure 1: Population Pyramid for Israel, 2050 
II. Global Climate Change 
A. Factors: 
The Earth’s climate is a long term governing force of the atmosphere that influences how 
humanity interacts with the environment. Changes in the Earth’s climate have been accelerated 
mainly due to anthropogenic processes (Archer & Rahmstorf, 2010). Natural occurrences such as 
fluctuations in solar intensity and volcanic eruptions are also contributors (Archer & Rahmstorf, 
2010). Terrestrial life exists within the troposphere. The troposphere’s cap is seven to ten miles 
above the Earth’s surface. As elevation increases within the troposphere, temperature decreases. 
The atmosphere is a thin envelope of air composed of 78% Nitrogen (N), 21% Oxygen (O), and 
1% trace gases, (argon (Ar), and carbon dioxide (CO2)) (See Figure 2) (Preston, 2012). When 
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humans introduce excessive amounts of carbon dioxide (CO2) into the thin envelope of air, the 
rate of climate change increases. Carbon dioxide is the main factor driving climate change. 
Carbon dioxide remains in the atmosphere longer than any other greenhouse gas, including water 
vapor and methane (Archer & Rahmstorf, 2010). Other artificial trace gases that humans have 
introduced into the atmosphere that drive climate change are tropospheric ozone, halocarbons, 
and chlorofluorocarbons (Preston, 2012). The second largest anthropogenic force on climate is 
methane and there has also been evidence of contribution from black carbon (BC) and fossil fuel 
BC (Hansen, 2005). The IPCC reports scientific assessments that summarize the state of the 
climate about every five years. The most recent report, the Fourth Assessment Report (AR4), 
was released in 2007 and states that global warming (since 1950) is 90-99% driven by the 
increasing amount of carbon dioxide and other greenhouse gases. This will contribute to 
warming and rising sea levels (Archer & Rahmstorf, 2010).   
 
 
Figure 2: Atmospheric Composition 
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B. Cause: 
 Anthropogenic processes cause a positive feedback effect on climate change (Hansen, 
2005). Carbon dioxide, methane, and water vapor are greenhouse gases that interact with infrared 
light and absorb light energy and convert it into heat (Archer & Rahmstorf, 2010). The term 
“greenhouse effect” is used when describing climate change since infrared heat energy is 
absorbed by these greenhouse gases and are then trapped within the troposphere, mimicking a 
greenhouse (See Figure 3) (Preston, 2012). Global warming is a result of carbon dioxide 
emissions. When carbon dioxide concentrations increase, air is able to hold onto more water 
vapor, contributing to the greenhouse effect (Archer & Rahmstorf, 2010).  
Another cause of increasing temperatures in the troposphere is due to a change in albedo. 
Albedo is the percent of reflected sunlight from the Earth’s surface back into space. As albedo 
increases, more sunlight will be reflected back and not converted into heat energy (Archer & 
Rahmstorf, 2010). When landscapes change due to melting glaciers and melting ice caps, there 
will be a change in albedo. Less ice and cloud cover over the Earth’s surface lowers the albedo, 
resulting in a higher amount of solar radiation that is absorbed and converted into heat energy. 
Melting ice decreases the amount of albedo, ice albedo feedback, increasing the warming 
(Archer & Rahmstorf, 2010). With only a one percent increase in albedo on the Earth, the mean 
temperature could decrease by about 3.1 degrees Fahrenheit (Preston, 2012). Identification of the 
factors of climate change can mitigate its effects on the water supply. 
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Figure 3: The Greenhouse Gas Effect  
C. Evidence: 
The evidence of climate change is tangible and global. Although greenhouse gases have a 
negative connotation, without this interaction the Earth’s surface would be zero degrees 
Fahrenheit (Preston, 2012). Owed to the existence of greenhouse gases, the Earth’s surface is 59 
degrees Fahrenheit (Preston, 2012). “Efficacy” is the global temperature response per unit 
forcing response to CO2 forcing. Anthropogenic methane (CH4) has an efficacy of about 110-
145% and has an effect on tropospheric ozone (Hansen, 2005). An increase in the amount of 
greenhouse gases in the atmosphere correlates with increased rainfall for the eastern United 
States and East Asia (Hansen, 2005). The results of increased greenhouse gases from human 
activities are rendering dry areas even more arid (Hansen, 2005). Evidence of climate change due 
to anthropogenic processes is apparent. This evidence includes the increasing temperatures at the 
Arctic and Antarctic, a rise in sea surface temperatures in the Atlantic and Pacific Oceans, and 
fluctuations between the freezing and thawing of seasonal lakes (Environmental Law Institute, 
2011). The changes during glacial periods represent climate fluctuations over thousands of years. 
That has an effect on the fluvial processes that in turn shapes our natural landscape (Bull, 1991). 
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The polar ice caps play a special role in the heat budget of the Earth’s atmospheric system. Since 
1979, 40% of the polar ice cap has melted, opening the Northwest Passage to China (Preston, 
2012). A decline in sea ice cover in the Arctic and Antarctic has teleconnnectivity effects. 
Increased temperatures decrease ice at the poles, and there is a rise in sea level. More extreme 
temperatures change rainfall patterns and atmospheric circulation patterns (Archer & Rahmstorf, 
2010). The Earth’s surface is experiencing an increase in extremely hot days and a decrease in 
extremely cold days, causing more people to suffer even more drought (Archer & Rahmstorf, 
2010). Soil moisture is one of indicators of temperature and precipitation changes (Bou-Zeid & 
El-Fadel, 2002). There is evidence to prove that climate changes are occurring on a global level. 
III. Case Study: Current situation in Israel and occupied territories, and Jordan 
A. Geo-Politics:  
1. The State of Israel: 
On May 14th 1948 Israel became an independent state and gained recognition from the 
United Nations. The state of Israel is located 31° 30’ N latitude and 34° 45’ E longitude (See 
Figure 4) (Maps of World, 2012). The area that surrounds Israel is made up of four countries, a 
body of water, and territories occupied by Israelis and Palestinians. Lebanon borders Israel to the 
north, Syria to the northeast, and Jordan to the east, and Egypt to the southwest (Israel 
Diplomatic Network). The Mediterranean Sea lies to the west of Israel and the occupied territory 
of the Gaza Strip to the southeast. The Gaza Strip’s population is composed of mostly Palestinian 
refugees. The occupied territory in the West Bank is bordered by Israel and in some places is the 
barrier between Israel and the Jordan River. The thin strip of land that makes up Israel is slightly 
smaller than the state of New Jersey (The Israel Project, 2006). While Israel no longer has 
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occupied territories in the Gaza Strip, it currently occupies the West Bank which has caused 
tension between Israelis and the Palestinian people since the beginning of Israel’s independence. 
The Israeli-Palestinian conflict creates many uncertainties with the allocation and management 
of water resources. Predictions for climate change in the Middle East will not lessen the intensity 
of  water scarcity. Israel’s fascinating geography, varying climate, and political status have 
established a unique site on Earth’s surface.  
 
Figure 4: Latitude and Longitude Map of Israel  
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2. Water Resources: 
 Israel depends on receiving water from Lake Kinneret, the Jordan River, the Coastal 
Aquifer, and the Mountain Aquifer. The Mountain Aquifer is located within the walls of the 
West Bank (American-Israeli Cooperative Enterprise, 2012). Lake Kinneret is the largest lake in 
Israel and serves as the country’s main water reservoir (Israel Diplomatic Network). Lake 
Kinneret provides Israel with about 35% of their annual drinking water (Rimmer, Givati, & 
Samuels , 2011). The Jordan River feeds Lake Kinneret most of its water supply, which has an 
average annual water flow of 800 million cubic meters (MCM) ( Israel Oceanographic & 
Limnological Research Ltd). The Jordan River has the lowest average elevation of all rivers in 
the world (Encyclopedia Britannica Online Academic Edition, 2012). The Jordan River is 
supported by streams from Mount Hermon and travels from the north to the south. It flows 
through the Hula Valley, feeding Lake Kinneret, and eventually empties into the Dead Sea 
(Israel Diplomatic Network). The meandering river’s path travels a distance of about 124 miles 
until it reaches its endpoint at the Dead Sea (Encyclopedia Britannica Online Academic Edition, 
2012). The Jordan River replenishes the Mountain Aquifer in the West Bank. Israelis claim 73% 
of that water while 17% goes to the Palestinian settlers (See Figure 5). The illegal Jewish settlers 
in the West Bank consume the remaining 10% of the water from the Mountain Aquifer (Palestine 
Monitor, 2003). This unbalanced allocation of water is the source of water tension between 
Israelis and Palestinians. An Israeli citizen consumes as much as four times that of a Palestinian 
when under international law. It is illegal for Israel to consume as much water as it is from the 
Mountain Aquifer, perpetuating the continuous disagreement between Palestinians and Israelis 
(Palestine Monitor, 2003). Allocation of water resources is a major problem in Israel but that is 
not the only concern for Israelis and Palestinians.  
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Figure 5: Water Consumption in Palestinian Territory and Israel, 1998 
Water quality is equally important as the concern for water insufficiency for Israel. The 
quality of water is degrading and has become a significant concern in properly managing the 
water supply. The water supply in Israel from the Upper Jordan River, Lake Kinneret, and 
sources in the south vary in the amount of salinity measured in milligrams per liter (American-
Israeli Cooperative Enterprise, 2012). From Israel’s major water resources, the long-term 
quantity average of replenishable water amounts to roughly 1,800 million cubic meters (MCM) 
per year (American-Israeli Cooperative Enterprise, 2012). Israel is currently experiencing a 
deficit in their renewable water resources, amounting to about two billion cubic meters 
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(American-Israeli Cooperative Enterprise, 2012). The deficit of renewable water resources 
correlates with the deterioration of potable water quality that has become polluted and brackish 
(American-Israeli Cooperative Enterprise, 2012). Climate change impacts the water availability 
in the Middle East and the Upper Jordan catchment area (Kunstmann, Suppan, Heckl, & 
Rimmer, 2007). The water supply in Israel is already scarce, and with progressive climate 
change affecting atmospheric phenomena, the water supply needs to be properly maintained.  
3. Israeli-Palestinian Conflicts: 
Israel is the center of three primary religions, Judaism, Islam, and Christianity. 76% of 
the population in Israel is Jewish, Muslims make up 15.9%, Arab Christians make up 1.7%, and 
the remainder is made up of other unspecified religions (Nation Master, 2006). The water 
resources in the Middle East are interconnected and the geography and political boundaries 
create some limitations for studies in this area (See Figure 6) (Bou-Zeid & El-Fadel, 2002). The 
occupied territory of the West Bank has experienced an expansion of Jewish settlers by 4.5% in 
2011. The opportunity for a peaceful agreement on a two-state solution has yet to be confirmed 
(Sherwood, 2012). Since 2011 violent attacks on Palestinian lands have increased by 150% 
(Sherwood, 2012). This coincides with the expansion of Jewish settlers in 2011 (Sherwood, 
2012). These Jewish settlements are illegal under international law and the growing tension 
between Israelis and Palestinians have also made policies regarding water resources especially 
difficult. This creates an ongoing water issue (Sherwood, 2012). Geopolitics between Israel and 
the West Bank puts constraints on policy making because of the geographic location of the 
Jordan River. Past multilateral talks on the subject of water established the Palestinian Water 
Authority (PWA) (American-Israeli Cooperative Enterprise, 2012). Past agreements made Israel 
withdraw the Jewish settlements that were within the Gaza Strip (American-Israeli Cooperative 
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Enterprise, 2012). The current conflict with Palestinians makes plans for managing future water 
shortages have been difficult to come by (American-Israeli Cooperative Enterprise, 2012).  
 
Figure 6: The Gaza Strip and the West Bank Borders  
4. Existing Water Policies in Israel: 
 The regime on the natural flow of water is decreasing as a result of climate change 
(American-Israeli Cooperative Enterprise, 2012). Population increases have stressed the water 
supply. Pollutants from human activities and mismanagement above water resources are 
increasing the concentration of minerals and pollutants in the groundwater supply (American-
Israeli Cooperative Enterprise, 2012). Over exploitation and the return flow from irrigation has 
polluted groundwater by increasing salinity levels (American-Israeli Cooperative Enterprise, 
2012). 
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 In 1964 Mekorot, Israel’s national water company, completed the National Water Carrier 
(NWC). The NWC is an infrastructure project, intended to combine Israel’s water resources into 
a single network to provide Israel, specifically the central and southern parts not including the 
Palestinians occupying the West Bank, with irrigation water, and now provides Israel with half 
of its potable water (Israel National Water Company, 2012). The NWC supplies 1,000 major 
consumers, those include municipalities and local authorities, with surface water and 
groundwater (American-Israeli Cooperative Enterprise, 2012). Any water that is not consumed is 
then recharged into aquifers to prevent loss from evaporation and saltwater intrusion (American-
Israeli Cooperative Enterprise, 2012).  
Israel is promoting water conservation by sustaining existing water resources. 
Conservation efforts include desalination, cloud seeding, artificially recharging water runoff, and 
recovering wastewater effluents (American-Israeli Cooperative Enterprise, 2012). The 
technology that is currently in effect minimizes contamination of the water resources. To 
maintain water quality, Mekorot placed restrictions on some activities that take place above 
underground water resources. Monitoring water resources daily with data reports from water 
table levels, salinity, and pollution, make properly managing water resources more capable 
(American-Israeli Cooperative Enterprise, 2012). The data reported from monitoring the 
properties is useful when further developing of maintenance of pollutants in the water supply 
(American-Israeli Cooperative Enterprise, 2012). 
Other measures in Israel to better manage the water resources are under the Water Law 
that was passed in 1959. The Water Law states that water resources are public property that is to 
be regulated to monitor exploitation, pollution, and conservation (American-Israeli Cooperative 
Enterprise, 2012). The Water Commissioner “is responsible for implementing the Government's 
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policy, ensuring sufficient water supply of the required quality and reliability, while conserving 
and preserving water resources” (American-Israeli Cooperative Enterprise, 2012). The 
government of Israel also implemented a “master plan” to solve the water crisis. Currently the 
following steps have been taken, provided by the American-Israeli Cooperative Enterprise:   
• The construction of desalination plants with an 
installed annual capacity of 400 MCM for 
seawater and with an annual 50 MCM capacity 
for brackish water.  
• The rehabilitation of polluted and depleted wells 
with an annual total yield of up to 50 MCM.  
• The importation from Turkey of an annual 
quantity of 50 MCM fresh water.  
• To increase the amounts of treated sewage 
effluents suitable for irrigation up to 500 MCM. 
 
B. Climate: 
The climate of Israel ranges from temperate to tropical (Israel Diplomatic Network). 
Similar to California, Israel generally has a Mediterranean climate that provides a winter rainy 
season from the months of November through May and a dry summer season for the next six 
months (Israel Diplomatic Network). This is not consistent for each of Israel’s different 
geographic regions. The coastal region has a humid summer and a mild winter whereas the hills 
experience dry summers and moderately cold winters and the valleys have hot and dry summers 
with a mild winter (Israel Diplomatic Network). The desert regions undergo continuous semi-
desert conditions (Israel Diplomatic Network). Research has uncovered a trend of an increase in 
temperature for Israel (Zhang, 2005). The trends occurred between 1950 and 2003 and were 
measured by 52 stations that record temperature and precipitation (Zhang, 2005). Trends such as 
the annual maximum, daily maximum, and minimum temperatures indicated significant 
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fluctuations. Data also showed an increase in the number of summer night with extreme 
temperatures over time (Zhang, 2005). These trends are further evidence of a direct correlation 
between temperature increase and precipitation in the Middle East (Zhang, 2005). Studies also 
indicate that watersheds are receiving less precipitation than previous years. The lack of rainfall 
contributes to the thinning of lake sediment, and in turn, a more arid climate in Israel (Von Rad, 
Schaaf, Michels, Schulz, Berger, & Sirocko, 1999). Kasten cores from studies also reveal proxy 
data that collected sediment for thousands of years to represent a fluctuating climate and 
variability in rainfall (Von Rad, Schaaf, Michels, Schulz, Berger, & Sirocko, 1999).   
C. Land Use Effects: 
 Israel suffered from four consecutive years of drought (American-Israeli Cooperative 
Enterprise, 2012). This has increased awareness among the people of Israel and conservation of 
water resources is now an ongoing project. Some of the measures being taken to spread 
awareness include making use of public water conservation campaigns. The campaigns inform 
the public of technical and economical measures being taken to decrease usage and are now 
more available for the public (American-Israeli Cooperative Enterprise, 2012). In 1997 the 
Mekorot delivered “1,380 MCM  of water, of which 745 MCM were supplied for irrigation, 540 
MCM for domestic use, 94 MCM for industry and 27 MCM to replenish over-pumped aquifers” 
(American-Israeli Cooperative Enterprise, 2012). Domestic demands for water have increased 
over the years due to population growth and have led to over exploitation of renewable water 
sources (American-Israeli Cooperative Enterprise, 2012). Domestic use of water has exploited 
roughly 95% the 1,800 MCM of renewable water that has been divided into 80% domestic use in 
northern Israel and 20% in the south (American-Israeli Cooperative Enterprise, 2012). A slogan 
directed to the citizens of Israel states "Don't waste a drop". Conservation efforts include 
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watering plants at night and to encourage the planting of drought-resistant plants (American-
Israeli Cooperative Enterprise, 2012). 
 Studies indicate that climate change and temperature differences affect the production of 
crops and the health of the public (Nelson, 2009). The water crisis and the change in climate 
cause a negative impact to agriculture in Israel. Shortages in water cause a decrease in 
productivity in the agricultural sector of Israel (American-Israeli Cooperative Enterprise, 2012). 
Sustainable measures in agriculture include the incorporation of low volume irrigation systems 
(e.g. drip, micro-sprinklers) and have resulted in a 90% increase of efficiency as opposed to the 
previous 64% efficiency of irrigation (American-Israeli Cooperative Enterprise, 2012). 
Sustainable improvements to water use, such as conservation, will ensure sufficient agricultural 
and domestic water supply in the future.  
IV. Future Climate and Water Supply 
A. Climate Predictions and Studies: 
 The future climate in Israel will be determined by the amount of carbon dioxide that is 
emitted by human activities. Though humans cannot prevent natural climate changes due to solar 
activity, volcanic eruptions, and meteorite strikes, the people of Israel can still reduce their 
personal carbon dioxide emissions (Archer & Rahmstorf, 2010). Carbon dioxide concentrations 
have been predicted to increase by 1% per year (Bou-Zeid & El-Fadel, 2002). Predictions also 
show that climate change in the future for dry subtropical regions are going to get drier, and the 
Mediterranean regions will suffer from reduced rainfall (Archer & Rahmstorf, 2010). Without 
the effect of climate change, future populations in the Middle Eastern region are expected to 
increase by 2.9 to 3.3 billion people by 2025, undoubtedly increasing the amount of stress on 
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Lake Kinneret’s watershed (Arnell, 2004). Excluding the increase of population, water resources 
will indeed be affected by climate change and will continue to amplify the water crisis. Land that 
is further from bodies of water will experience the largest increase in temperatures by the first 
half of the 21st century, this prediction was made by the IPCC’s fourth assessment report 
(IPCCAR4) (Evans, 2009). In a study by the United Kingdom Hadley Center’s global climate 
model predictions for conditions in the 2050’s in Israel will be exposed to a decrease in annual 
rainfall 20-25% below the present mean (Ragab & Prudhomme, 2002). The decrease in annual 
rainfall is associated with the 2 to 2.75 degree Celsius increase in temperature (Ragab & 
Prudhomme, 2002). There is a clear correlation between a rise in temperature resulting in a 
decrease in water resources in Israel. 
B. Impacts on Water Resources: 
 With overwhelming forecasts of increased temperatures in Israel due to climate change, 
the water supply will unquestionably suffer. With climate change, stress on water resources will 
be followed by a decrease in runoff (Arnell, 2004). The IPCCAR4 predicted change for the years 
2050 and 2095 and the climate models revealed that the decrease in precipitation will be due to 
the Northward movement of the Inter-Tropical Convergence Zone (ITCZ) (Evans, 2009). From a 
study using the European Center HAMburg 4 (ECHAM4) and hydrological models indicated 
that the water balance and surface and subsurface water flow in the Upper Jordan Catchment 
would decrease with increased temperatures. The indicators also show that the mean annual 
temperature will increase by 4.5 degrees Celsius with a decrease of 25% in mean annual 
precipitation, resulting in a decrease of 23% in runoff for the Jordan Catchment (Kunstmann, 
Suppan, Heckl, & Rimmer, 2007). With expected decreases in groundwater supply Israel will see 
a dramatic change in precipitation patterns (Kunstmann, Suppan, Heckl, & Rimmer, 2007). The 
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Jordan River basin, the source of Lake Kinneret’s freshwater, will experience a decrease in 
rainfall, spring flow, and stream flow (Rimmer, Givati, & Samuels , 2011). Lake Kinneret is 
expected to have a decreasing trend in precipitation that correlates with a shift in the Arctic 
Oscillation (AO) which is driven by the increase in greenhouse gases (Rimmer, Givati, & 
Samuels , 2011). The impact that climate change has on the water supply in Israel is exacerbating 
the current water crisis and all of Israel will be affected.  
WATER SUPPLY/WATER SOURCES 
Year 
Population 
(Million) 
Surface 
Water 
Ground 
Water 
Brackish 
Treated 
Effluents 
Desal- 
ination Total 
1998 6.0 640 1050 140 260 10 2100 
2010 7.4 645 1050 165 470 100 2430 
2020 8.6 660 1075 180 565 200 2680 
 Figure 7: Water Supply and Demand - Israel 1998-2020 MCM/year 
C. Diminishing Water Resources and its Implications:  
Human activities are the cause of the increased rate at which climate change affects the 
water supply. It is the people of Israel and the occupied territory in the West Bank and Gaza 
Strip that will need to adapt to the change in climate by conservation and sustainable practices. 
With predictions of longer dry seasons, reductions in precipitation, the agricultural sector of 
Israel’s economy will undergo a significant decline in productivity. Tension between the Israelis 
and Palestinians will persist with projections of climate change and water shortages (See Figure 
8). The water from Lake Kinneret needs to be capable of providing enough water to agriculture 
and at the same time enough water to fulfill the domestic water demand and provide water to the 
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occupied territories. By 2020 374-661 million people in Israel will experience an increase of 
water stress (See Figure 7) (Arnell, 2004). Studies also project that by 2025 the average annual 
renewable water resources in the Middle Eastern region will decrease to 667m³ per capita (Bou-
Zeid & El-Fadel, 2002). Negotiations between Israelis and Palestinians to consider the 
reallocation of water resources from the Mountain Aquifer will have a key role in the future. 
 
Figure 8: Projected Israeli and Palestinian Water Needs, 2025 
V. Potential Mitigation Measures 
A. Morality, Education and Awareness: 
Raising awareness of the current and projected situation for climate change and water 
shortages in Israel is a main concern. Israel must acquire changes in policies and programs to 
relieve some of the environmental stresses that will come with a changing climate (Nelson, 
2009). A growing population needs to be prepared for an increased number of droughts, this is 
where major changes in water planning and management to avoid conflict in the Middle East 
must assessed (Ragab & Prudhomme, 2002). A peaceful approach needs to be met to lessen the 
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tension between the state of Israel and the occupied territory that is the West Bank. In the hopes 
to create an agreed upon reallocation of water between Israel and the West Bank we might also 
hope to become closer to a peaceful two-state agreement. Besides changes in morals of the 
people in Israel, advances in technology are also necessary to sustain the water supply and 
improve water quality.  
B. Sustainable Practices and Water Projects: 
 The goals that Israel must keep in mind to create a better future for the water supply is to 
carefully asses the current needs and to increase the efficiency of how water is allocated among 
the different users (Ragab & Prudhomme, 2002). A decrease in Israel’s main freshwater supply 
from Lake Kinneret stresses the important role of desalinization, which is an ongoing effort 
(Rimmer, Givati, & Samuels , 2011). A new water sector in Israel has already been developed to 
stabilize water resources keeping in mind some basic components; to ensure the water supply, 
focus on social and economic requirements, and to bear in mind environmental and ecological 
needs (American-Israeli Cooperative Enterprise, 2012). Also Israel should consider advancing 
technologies in renewable energy, desalinization, and sustainability for agriculture and economic 
income (Brauch, 2007). Non-conventional sources of water including recycled water, seawater, 
and desalinated brackish water to help sustain life ways in the Middle East must be made (Ragab 
& Prudhomme, 2002). There will be no technical solution to a shortage in water and finding an 
alternative source and enhancing conservatory efficiency will be the most important steps in the 
future (Ragab & Prudhomme, 2002). Lake Kinneret not only needs to be maintained and 
preserved for Israel’s water demands but to also maintain tourist income. The preservation of 
Lake Kinneret’s water supply has become a national priority and Israel’s goal is to create a stable 
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way to “assure a long-term continuous supply of high quality water” ( Israel Oceanographic & 
Limnological Research Ltd).  
VI. Conclusion 
It is no surprise that climate change is undoubtedly occurring. In regions that include 
Israel and the occupied territories an increase in temperature has already and will continue to 
change life ways. Israel has the highest wastewater-recycling rate in the world, however further 
action is needed to secure their future water supply (Israel Ministry of the Environment, 2012). 
Seasonal rivers that feed the Mediterranean Sea, Lake Kinneret, and the Dead Sea are receiving 
less precipitation and the water supply is already declining. Introducing new ways to implement 
methods to ensure the stability of the water supply in Israel is the only way to ensure 
conservation and sustainability of water resources. A peaceful and fair agreement between 
Israelis and the Palestinians must be made to collectively work towards conservation efforts for 
the water supply of southwest Asia. The people of Israel including the Palestinians in the 
occupied territories need to become aware of the impacts climate change has on their way of 
living before Israel is no longer fit for human inhabitance.  
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